The thermodynamics of an electrically charged, multicomponent continuous medium with intrinsic rotation is analysed in the presence of electromagnetic fields with a weak linear magnetoelectric coupling in the non-relativistic limit. Taking into account the chemical composition of the current densities and stress tensors yields scalar dissipation terms accounting for chemical reactivities and vectorial dissipation terms accounting for transport. Three equations characterising the continuous medium are derived: a thermostatic equilibrium equation, a reversible and an irreversible thermodynamic evolution equation. Explicit expressions for the temperature and the chemical potentials are derived in terms of the electromagnetic fields and the magnetoelectric coupling. The transport equations contain electromagnetic terms normally not included in a standard thermodynamic phenomenology.
Introduction
The aim of this publication is to establish a local thermodynamical description of continuous media with intrinsic rotation in the presence of electromagnetic fields with a weak linear magnetoelectric coupling. In many experimental situations, the system can be treated as a classical continuum on the scale of interest where the microscopic structure is smoothed out. In such as case, the local system is sufficiently large from a microscopic perspective to be treated classically, but it is sufficiently small from a macroscopic perspective to be considered as infinitesimal. In the present work, we follow essentially the approach of Stückelberg [1] and extend his formalism to account for intrinsic rotations and the presence of electromagnetic fields with a weak linear magnetoelectric coupling. We do not include the spontaneous electric polarisation and magnetisation and limit our analysis to the electric polarisation and magnetisation induced by the electrodynamic fields.
In most experimental conditions, the drift velocities of the chemical substances with respect to the laboratory rest frame are clearly non-relativistic. Thus, we restrict our thermodynamic analysis to a linear electromagnetic theory in the non-relativistic limit, which corresponds to the electric limit defined by Lebellac et al. [2] . In order to be able to define intensive fields such as the temperature, the chemical potential, the electrostatic potential, the electric field and the magnetic induction field, we require the local infinitesimal system to be homogeneous, uniform and at equilibrium. We introduce phenomenological relations that express, in terms of the chemical constituents of the continuous medium, the mass density, the electric charge density, the intrinsic angular mass density, the momentum and the intrinsic angular momentum. Using these phenomenological relations, we express the stress and angular stress tensors in terms of the chemical current densities. For a local thermodynamic equilibrium, we derive explicit expressions for the temperature and the chemical potentials in terms of the electromagnetic fields and the magnetoelectric coupling. Furthermore, we derive the linear phenomenological relations from the irreversible evolution.
The structure of this publication is as follows. In Sect. 2, we first define the system by choosing the appropriate state fields. Then, we use a phenomenological approach to obtain the linear constitutive electrodynamic relations in the presence of a weak linear magnetoelectric coupling. We also establish the continuity equations of the relevant physical fields. In Sect. 3, we determine the time evolution equations of the system in terms of the chemical composition, and we obtain explicit expressions for the temperature and the chemical potentials in terms of the electromagnetic fields in the presence of a weak magnetoelectric coupling. Finally, in Sect. 4, we establish the linear phenomenological relations and discuss physical applications.
Thermodynamic description

Thermodynamic state fields
The state of a continuous medium is defined by a set of state variables. The local state of a continuous medium is defined by a set of state fields that are function of the space and time coordinates. To keep the notation concise, we do not explicitly write the space and time dependence of the state fields. The local thermodynamic state of a continuous medium consisting of N chemical substances with intrinsic rotation in the presence of electromagnetic fields is determined by the following state fields:
• the entropy density field s, Note that the electromagnetic fields D and B are frame independent in the non-relativistic limit, i.e., v 2 /c 2 1, where c represents the speed of light in the vacuum [3] .
The local material frame is defined as the Lagrangian frame where the centre of mass of the local element of continuous medium is at rest (i.e. v = 0). It should not be confused with the local rest frame, which is characterised by the absence of translational and intrinsic rotational motion (i.e. v = 0 and ω = 0).
Linear electromagnetic constitutive relations
In the local material frame, the electromagnetic constitutive relations relate the electromagnetic fields representing densities of extensive electromagnetic properties to the electromagnetic fields corresponding to intensive electromagnetic properties. The extensive electromagnetic properties are the electric dipoles and the magnetic moments of the physical system. The corresponding densities are the electric polarisation and the magnetisation.
In the presence of a magnetoelectric coupling in a linear electromagnetic framework, the total electric polarisation is given by the electric displacement field D (s, n A , E, B) , that is a function of the entropy density s and the densities n A of chemical substances A, and a linear mapping of the electric field E and the magnetic induction field B. Note that the electromagnetic fields E and B are intensive fields. The total electric polarisation is split into the electric polarisation of the vacuum and the electric polarisation of the matter, i.e., D (s, n A , E, B) = ε 0 E + P (s, n A , E, B),
where ε 0 is the vacuum permittivity, and P (s, n A , E, B) is the electric polarisation of the matter. In the absence of a spontaneous electric polarisation, the electric polarisation of the matter P (s, n A , E, B) is linearly induced by the electric field E and the magnetic induction field B, i.e.,
